Background: Research on temporal mortality trends for stage IV breast cancer is limited, especially among older patients by race. We evaluated factors associated with overall, breast cancer-specific and other-cause mortalities using contemporary population data.
introduction
Breast cancer is the most common non-cutaneous cancer in America and the leading cause of cancer deaths for women. Approximately 235 030 new cases of breast cancer were diagnosed in the USA in 2014, 43% of which occurred in women ages 65 years and older [1, 2] . Breast cancer mortality dropped by 34% from 1990 to 2010 due to widespread breast cancer screening and improved therapies that specifically targeted breast cancer [3] ; however, the 5-year survival rate for individuals with stage IV breast cancer remains as low as 22%-24% [2] .
Research on racial disparities in breast cancer has been given substantial attention over the last two decades [4] [5] [6] . Studies have attributed the worse overall mortality observed in black patients to factors such as differences in screening patterns, tumor biology, treatment, and socioeconomic status [7] [8] [9] . For patients diagnosed with stage IV breast cancer, Dawood et al. [10] reported that disparity in survival times between black and white patients increased from 1988 to 2003. With therapeutic breakthroughs brought about by targeted agents, such as trastuzumab, in the late 1990s, it is possible that treatment advances offer the opportunity to narrow the black-white gap in survival times. Conversely, if barriers to accessing new treatments are more common among blacks than whites, racial disparities may persist or even worsen. Studies using more contemporary data will provide important insights into this issue.
Unlike younger women with breast cancer, causes of death other than breast cancer are non-ignorable competing risks among older women; therefore, other-cause mortality should be addressed carefully when studying mortality among older patients [11] [12] [13] [14] . To estimate the magnitude of racial disparity and determine whether the magnitude has changed over time for women with stage IV breast cancer, we used the Surveillance, Epidemiology, and End Results (SEER)-Medicare data to respectively examine breast cancer-specific mortality and other-cause mortality by race for women diagnosed in [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] . Estimations of overall mortality, breast cancer-specific mortality, and other-cause mortality over time will help investigators to better understand the impact of modern clinical management of breast cancer over the last decade and to identify areas for further health-care improvements regarding racial disparity.
patients and methods

patient cohort
We used data from the SEER-Medicare database, which links the National Cancer Institute's SEER registry with Medicare claims and enrollment files.
The SEER-Medicare database connected 94% of patients aged 65 years or older in SEER registries with Medicare files. Using this population-based database, we identified women who were diagnosed with stage IV breast cancer as the first primary cancer between 1 January 2002 and 31 December 2009. Patients with more than one primary cancer were excluded. Stage IV was defined according to the SEER's American Joint Cancer Committee, third edition criteria. Several additional inclusion criteria were implemented: age at breast cancer diagnosis ≥66 years, alive at diagnosis, enrollment in Medicare Part A and Part B but without Health Maintenance Organization (HMO) coverage from 12 months before the diagnosis date through 12 months after the diagnosis date, unless the patient died within 12 months of the diagnosis, but had continuous Medicare Part A and B enrollment and no HMO coverage until death. We restricted our population to women age ≥66 years to allow for at least 1 year of complete Medicare claims to calculate comorbidities. After applying these inclusion criteria, the analytic cohort consisted of data from 5018 women. All data were de-identified and the study was given exemption by MD Anderson Cancer Center's institutional review board.
covariate and outcome measures
The primary outcomes were overall, breast cancer-specific and other-cause mortalities. Survival time was calculated from the date of breast cancer diagnosis to the date of death or right-censored at the follow-up cutoff (31 December 2010). We determined the cause of death via ICD-9 codes.
We extracted from the SEER-Medicare database the following patient information: race, region of residence, age at diagnosis, date of cancer diagnosis, estrogen receptor (ER) status, progesterone receptor (PR) status, and tumor size. We calculated the severity of comorbid conditions from Medicare claims using a modified Charlson comorbidity score [15, 16] . We used Medicare claims to identify the treatments (chemotherapy, radiation, and surgery) received within 12 months of breast cancer diagnosis. The variable of surgery captures only breast-related surgery, but the variable for the radiation is not site-specific and can include distant disease sites. More details on covariate definitions are listed in supplementary Table S1, available at Annals of Oncology online. We did not identify any patterns or bias associated with the missing observations; therefore, data from subjects with unknown or missing information were excluded from our analysis.
statistical analysis
We grouped the patients according to their year of diagnosis: 2002-2003, 2004-2006, and 2007-2009 . We compared patient and tumor characteristics across these three time periods using Kruskal-Wallis tests and chi-squared tests for continuous and categorical variables, respectively. We used the Kaplan-Meier method and log-rank tests to estimate the overall mortality and compare the overall mortalities. We used Cox proportional hazard models to evaluate the risk factors associated with overall mortality, and checked the proportional hazards assumption. original articles
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As a non-trivial proportion of the patients in the study cohort died from causes other than breast cancer, it is proper to use competing risk methods [13] . We estimated the cumulative incidence functions and used Gray's test to compare the cause-specific mortality [11] . We used Cox regression models, incorporating competing risks, to evaluate the risk factors [12] . We used SAS (v9.3; SAS Institute, Cary, NC, USA) to conduct all analyses.
results
Among the 5018 women with stage IV breast cancer who met the eligibility criteria, the mean age at diagnosis was 77.3 years. Table 1 summarizes patient characteristics by the three time periods of diagnosis. The percentages of unknown tumor size and hormone receptor information decreased with the advancing year of diagnosis. Among patients with known tumor characteristics, patients diagnosed after 2003 had more favorable tumor characteristics such as tumor size. The use of chemotherapy and radiation did not change significantly over the three time periods, whereas the use of surgery decreased over time (P < 0.001). Supplementary Table S2 , available at Annals of Oncology online lists patient characteristics by race. The use of chemotherapy, radiation, and surgery were similar among the three groups by race. Non-Hispanic black women had the worst characteristics regarding the Charlson comorbidity score and tumor size.
survival outcomes overall mortality. During the median follow-up of 58.1 months, 4043 patients died. Of those deaths, 79% were due to breast cancer, and 21% resulted from other causes. The median overall survival time was 13.2 months for all patients, and 11.6, 13.1, and 14.6 months for the three consecutive diagnosis time periods, respectively. Median breast cancer-specific survival was 19.5 months for all patients, and 17.5, 19.5, and 21.1 months for the three diagnosis time periods, respectively. When examining the temporal changes by race, the median overall survival time for non-Hispanic black women improved from 8.6 months (95% confidence interval [CI] 5.6-13.1) in 2002-2003 to 9.9 months (95% CI 7.1-13.5) in 2007-2009, whereas the median overall survival time for non-Hispanic white women improved from 12.1 months (95% CI 10.2-14.6) to 14.8 months (95% CI 12. 8-16.8) . Figure 1 presents the overall mortality distributions by the period of diagnosis and race. The overall mortality significantly improved over the three time periods (P = 0.01) and non-Hispanic black women had the worst overall survival time compared with those of other races (P < 0.0001). Among the three diagnosis time periods, the overall mortality of non-Hispanic blacks was worse for those diagnosed between 2004 and 2006, with a median survival of 7.5 months, which then increased to 9.9 months for those diagnosed between 2007 and 2009. The interaction term between race and the time period of diagnosis was not statistically significant (P = 0.58).
Supplementary Table S3 , available at Annals of Oncology online presents the results of univariate Cox proportional models for overall mortality, which were used to guide variable selection in the multivariate analyses. The factors independently associated with worse overall mortality were an earlier year of diagnosis, being non-Hispanic black, of an older age, having a higher comorbidity score, living in the Midwest or South, having hormone receptor-negative disease, not receiving chemotherapy, not receiving surgery, and not receiving radiation therapy. Compared with non-Hispanic white women, non-Hispanic black women had a higher risk of overall mortality, whereas patients in the other race group had a lower risk. Supplementary Table S4 , available at Annals of Oncology online lists the results of multivariable Cox proportional model for overall mortality.
breast cancer-specific mortality and other-cause mortality. We plotted the cumulative incidence functions of cause-specific mortalities by diagnosis period and race, respectively (Figure 2 ). Gray's tests suggested that breast cancer-specific mortality had marginally improved over the three diagnosis periods (P = 0.04), whereas other-cause mortality showed little improvement (P = 0.84). The 3-year, breast cancer-specific mortality for each chronologic diagnosis period was 68.6%, 65.4%, and 63.1%, respectively, and the corresponding 3-year, other-cause mortality was 23.6%, 24.8%, and 22.5%, respectively (supplementary Table S5 , available at Annals of Oncology online).
Non-Hispanic black women had significantly higher mortality rates due to both breast cancer (P= 0.02) and other causes (P = 0.05; Figure 2 ). The 3-year breast cancer-specific mortality for non-Hispanic black women, non-Hispanic white women, and patients of other races was 71.4%, 65.0%, and 61.4%, respectively, and the corresponding 3-year other-cause mortality for each race group was 31.3%, 23.1%, and 20.2%, respectively (supplementary Table S5 , available at Annals of Oncology online). We plotted these cumulative incidence functions by diagnosis period and race (supplementary Figure S1 , available at Annals of Oncology online). Table 2 provides the results of the multivariable models for cause-specific mortalities. After controlling for the other risk factors in Table 2 , the risk of breast cancer-specific death was significantly decreased (HR = 0.90, 95% CI 0.81-0.98, P = 0.02) for patients diagnosed between 2007 and 2009, whereas the risk of other-cause mortality changed little (HR = 0.99, 95% CI 0.81-1.19, P = 0.88) compared with patients diagnosed between 2002 and 2003. Non-Hispanic black women had the highest risk of death compared with non-Hispanic white women: HR = 1.14 (95% CI 1.03-1.27, P = 0.01) for breast cancer-specific death and HR = 1.27 (95% CI 1.04-1.54, P = 0.02) for other-cause death. After adding an interaction term between race and the period of diagnosis to the two Cox models, we found neither to be statistically significant (supplementary Table S6 , available at Annals of Oncology online), which indicates that the racial disparity in cause-specific mortality has neither improved nor widened over the three diagnosis periods. The comorbidity score was a significant predictor for other-cause mortality, but not for breast cancer-specific mortality. The risk of breast cancer-specific mortality was statistically significantly different among the four geographic regions, with patients in the Northeast and West having a lower risk than those in the South and Midwest. No significant geographic variation was found for the risk of other-cause mortality. Utilizing the contemporary SEER-Medicare linked data over the past decade for patients older than 65 years with newly diagnosed stage IV breast cancer, we found that the overall mortality rates had moderately improved since 2002, and the improvement in breast cancer-specific mortality was a main contributor to this overall decrease in the mortality rate as the other-cause mortality did not change much over the last decade. The launch of targeted therapies in the market and their dissemination into clinical practice at the population level during the last decade may have contributed to the improved breast cancer-specific mortality for stage IV disease [17, 18] . Among the study cohort, non-Hispanic black women had the worst other-cause mortality, which continued over the last decade. The other-cause mortality changed little for all racial groups. Previous studies reporting temporal changes in the mortality of patients with stage IV breast cancer have been limited to small institutional retrospective reviews or to patients diagnosed before 2003 using SEER data [10] . None of the published work investigated cause-specific mortality using competing risk models. Unlike the earlier findings of Dawood et al. [10] based on SEER data from 1998 to 2002, which suggested a widening disparity between the mortality rates among white and black women with stage IV breast cancer, the interaction term between the time period of diagnosis and race in our model was not statistically significant. This indicates that the racial gap has not widened over the past 10 years. There was a moderate improvement for non-black women from 2002 to 2003 until the most recent time period and a 'marginal' improvement for non-Hispanic black women during recent years to the level of non-black women in [2002] [2003] . One plausible explanation is that the increasing attention on the racial disparity in breast cancer care may have led to improved clinical practice, such as reducing the barriers to care or using navigation services for better coordination and management of cancer treatment.
Although the cumulative incidence of breast cancer-specific death has steadily decreased over time, the other-cause mortality rate for all races of these patients has not changed much over the last decade. One significant risk factor for other-cause mortality is the comorbidity score, which does not significantly predict breast cancer-specific mortality (Table 2) . Of interest, we expected comorbid conditions to limit a patient's access to treatments, which could subsequently impact breast cancer-specific mortality. After adjusting for other factors, however, we did not find this to be the case. For older patients with stage IV breast cancer, patients who do and do not have surgery and/or radiation can be very different. It is likely that patients who received surgery were healthier than their counterparts, regardless of whether there is any benefit of surgery. Hence, the estimated hazard ratio per treatment cannot be interpreted as the treatment benefit for this population. Given that 20% of the deaths among this cohort were not due to breast cancer, more efforts should be devoted to reducing the risk of death from chronic diseases by better controlling hypertension and diabetes and encouraging healthy life styles. Another interesting observation is the difference in breast cancer-specific mortality across geographic regions that did not exist for other cause-specific mortality. It appears there is still room for improvement in breast cancer care, especially in the South and Midwest.
There are several limitations of this study that should be considered. This cohort of older patients with breast cancer represented 26% of the US population in a similar age category; however, the overall health status of individuals not included in the SEER-Medicare cohort may be different, which may limit the generalizability of our results. Among patients with latestage breast cancer, the absolute number of non-Hispanic black women is moderate; but the racial/ethnic distribution of the data is representative of older patients in the US breast cancer population (12.5%). The temporal mortality trend documented in our study for older patients with stage IV breast cancer might be different from the trend for a younger counterpart cohort. In the analysis cohort, we did not include detailed treatment-related information such as timing of treatments, types of chemotherapy, and the use of hormonal therapy. In addition, unmeasured risk factors may attribute to and explain some of the racial disparity in the overall mortality and cause-specific mortality rates. Continual improvement in the management of late-stage breast cancer will require sustained and increased efforts to provide high-quality breast cancer care and effective management of co-existing chronic diseases across all segments of the population. National guidelines recommend that physicians take into account life expectancy, functional status, organ function, and individual patient preference when considering treatment options for older women with breast cancer [19] . Although the difference in mortality rates between blacks and other races for older women with late-stage breast cancer did not increase over the last decade, it has not decreased, either. Efforts to reduce and eliminate the existing racial disparities in the overall mortality rate for patients with breast cancer should continue to receive high priority until we accomplish the goal of eradicating cancer disparities. 
